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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average ol 3.9 5.0 6.2 6.4 6.1 6.0 57 4.9 4.2 34 2.9 4.8
Min/Max | 27/37 32/44 42/55 | 56/68 53/70 54/1.0| 55/66 4863 43/55| 3548 2937 247334651
Latitude -15 Average 3.8 4.5 . o 6.4 6.4 6.0 5.9 5.8 52 4.7 4.1 3.6 52
. Min/Max | 3.2/4.6 3.7/52 45/6.1 | 5.8/7.1 53/7.0 5.3/6.8 | 5.4/64 4.8/65 4560 | 3.8/55 34/46 2841 |48/55
s Average 4.3 4.9 5.7 6.3 6.0 55 5.5 5.6 5:3 5.0 4.6 4.1 52
Min/Max | 3.6/54 4.0/58 4.6/6.3 | 57/7.0 5.0/6.6 49/6.3 | 5.1/6.0 4.6/6.3 45/6.1 | 4.0/59 3852 3.1/49 | 49/57
Lalitade 15 Average 4.6 5.1 56 59 5.4 4.8 4.9 5.1 5.1 5.1 4.8 4.4 5.1
Min/Max | 3.8/5.8 4.1/60 4.5/63 | 53/6.5 4.5/58 43/55 | 45/53 42/57 43/59| 4.0/6.0 39/56 3.3/53|47/55
ap Average 3.9 3.8 3.6 2.9 2:1 1.8 1:9 24 3.0 3.6 4.0 3.9 3
Min/Max | 3.1/5.1 3.1/47 259/4.0 | 2731 2.0/22 1.6/1.9 1.8/20 2.02.6 2534 | 2.7(43 3.1/4.7 2847 | 2.8/33
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 43 = 6.6 8.1 8.2 e 7.4 74 6.2 535 4.6 3.9 6.2
Min/Max | 3.5/5.4 42/62 352/7.6 | 7.1/95 63/92 6589 | 66/83 5883 50/73| 42/66 3.8/53 3.0/4.7 | 5.7/68
Latitude -15 Average 4.8 53 7.0 8.3 8.2 7.4 7.4 7.2 6.5 5.9 % 4.4 6.5
Min/Max | 3.8/6.1 4.6/6.8 55/80 | 7.3/97 63/92 064/88 | 6.5/82 59/84 52/7.6| 4.5/7.1 4.1/59 33/54 | 6.0/7.1
Latitiide Average 5:2 6.0 T2 8.3 7.9 7.1 Tk 7.0 6.5 6.1 ] 4.9 6.6
‘* Min/Max | 4.1/6.7 4.8/73 56/83 | 7.2/9.7 6.1/89 6.1/84 | 62/7.9 5883 5277 | 46/74 4464 3.6/59 | 6.0/72
Liiiuds +15 Average 5.4 6.1 14 8.0 74 6.6 6.6 6.7 6.4 6.2 5.7 51 6.4
Min/Max | 4.3/7.0 4.9/74 55/82 | 69/9.3 57/84 5.7/78 | 5874 55/19 35.0/75| 46/75 45/67 3.7/63 | 59/7.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Do keie Average 55 6.1 1.2 8.4 8.2 o 75 T 6.5 6.2 3.7 3.2 6.8
Min/Max | 43/7.1 4975 56/83| 7.3/98 63/93 6590 6.6/84 59/84 52/7.7| 46/7.5 4.5/68 37/64 | 6.2/7.35
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.1 e 3.6 4.2 3.9 33 33 3 2.8 2.1 3.2 3.0 33
Horiz Axis Min/Max | 2.1/45 2.4/44 24/46| 3.3/55 2.2/48 24/46| 24/42 2.1/40 1.7/3.6 1.8/4.1 2.2/4.1 18/4.1 ] 2.9/39
1-Axis, N-S§ | Average 2.7 34 4.4 35 - | 43 42 4.0 35 33 30 25 38
Horiz Axis Min/Max | 1.9/40 25/45 29/56|43/73 29/63 3.1/58 | 3.2/53 28/53 21/46| 2045 20/38 1535 3.3/45
1-Axis, N-S | Average L 4.1 4.8 5.6 49 4.0 4.0 4.0 a7 39 30 3.3 4.1
Tilt=Latitude| Min/Max | 2.4/5.1 3.0/54 32/6.1 | 4.4/74 2860 2954 | 3050 2853 2248 | 23/52 2547 194.6 | 3.5/48
4 Al Average 3.7 4.2 4.8 5.7 5.2 43 4.3 4.1 38 39 39 3.6 43
Min/Max | 2.6/54 3.0/56 32/6.1 |44/76 29/64 3.1/59| 32/53 29/54 22/48 | 23/53 27/50 2.1/4.9 3.7/5.0 |
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 14.2 15.0 17.9 20.7 2.9 26.3 27.3 212 26.3 23.0 18.8 15.6 213
Daily Minimum Temp 83 9.1 12.2 14.8 18.3 21.6 22.5 nq 222 18.4 125 9.8 16.1
Daily Maximum Temp 20.0 20.8 238 26.7 29.2 31.1 32.1 - fl 30.4 215 242 213 26.6
Record Minimum Temp | -9.4 -4.4 -3.3 | By 6.7 11.1 15.6 18.3 L 5.0 -2.8 =72 94
Record Maximum Temp | 30.6 317 328 35.6 37.8 389 38.9 37.8 372 35.0 31.7 AL 3389
HDD, Base 18.3°C 157 114 62 12 0 0 0 0 0 4] 46 115 505
CDD, Base 18.3°C 28 .3 | 50 83 167 240 279 276 240 147 61 31 1622
Relative Humidity (%) 75 72 vl 69 72 T 78 80 79 75 76 76 75
Wind Speed (m/s) 38 4.1 4.2 4.1 38 34 € ¥ 3.0 3D 4.0 &7 3.6 a3
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 29 33 4.7 39 6.1 6.0 58 54 4.6 4.0 3.2 27 4.6
Min/Max | 2.6/3.5 3.2/43 4.0/52 | 5.1/69 5.0/7.1 5.3/6.8 | 49/64 47/59 3.6/54 | 33/45 25038 22/32 | 44/48
Tiatindn-15 Average 36 4.3 53 6.1 6.1 5.8 3.7 e 2 5.0 4.3 3.9 34 4.9
“ | Min/Max | 3.2/45 3.7/52 44/58 |53/72 4971 5.1/6.7 | 48/63 47/6.1 3.7/59 37/53 2948 26/42 | 4.7/5.2
Latitude Average 42 4.7 53 6.0 a 54 54 3.3 5.0 4.9 4.4 39 5.0
Min/Max | 3.5/53 4.0/58 45/6.1 | 5.3(7.1 4.7/6.7 48/6.1 | 45/58 4.6/59 3.7/60 | 3957 3.1)55 2950 4.7/5.3
Latitude +15 Average 4.4 4.9 5.4 5.6 51 4.7 4.7 4.9 4.8 4.9 4.7 4.2 4.9
- Min/Max | 3.7/5.8 4.1/6.0 4.4/6.1 | 49/6.7 42/59 4.2/53 | 4.0/5.1 42/54 35/58 | 3.8/58 3.2/59 3055|4552
90 Average 38 38 3.3 29 2ul 1.8 1.9 23 49 3.6 3.9 39 3.0
Min/Max | 3.1/50 3.1/47 2940 ] 2.6/33 2.0/23 1.8/1.9 1320 RS 2438 E3A2 20650 25M8 | 231832
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
[ Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.0 5.0 6.3 7.8 7.8 7.4 V2 6.8 59 53 4.4 3.3 6.0
Min/Max | 3.3/52 4.1/62 52/73|65/9.6 5895 62/89 | 59/82 55/77 42/74| 41/63 3.0/55 27/47 |55/64
Latitude <15 Average 4.6 5.5 6.7 8.0 7.8 7.3 T 6.9 6.2 57 49 42 6.3
i Min/Max | 3.8/6.0 4.5/69 54/7.8|6.7/99 5895 6188 | 5881 56/7.8 43/78 | 43/6.8 3.3/63 3.0/55 5.8/6.7
Latitida Average 5.0 5.8 6.9 8.0 7.6 7.0 6.9 6.8 6.2 6.0 5.3 4.6 6.3
MinfMax | 4.1/6.6 4.7/7.3 5.5/80 | 6.6/9.8 56/92 359/85 | 5.6/7.8 55/7.7 43/79| 4572 35/6.8 3.2/6.1 | 5.8/6.8
Latitide 15 Average 5.2 5.9 6.8 7.6 7.1 6.5 6.5 6.4 6.1 6.0 35 4.9 6.2
Min/Max | 4.2/6.9 48/75 55/80 | 64/94 52/87 55/79| 5373 52/13 4.2/77 | 44/7.3 3.6/7.1 3.3/64 | 5.7/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2: Axis Ayemge D2 59 6.9 8.0 7.9 75 T3 6.9 6.3 6.0 53 49 6.5
Min/Max | 43/7.0 48/75 56/8.1|6.7/9.9 5896 6.3/9.0| 5983 56/79 43/79 | 4573 3.6/72 3.4/6.6 6.0/7.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 31 a2 35 4.0 37 3.3 32 3.0 2.7 3.0 3.1 29 33
Horiz Axis Min/Max | 2.2/45 2.3/45 2.5/44 | 3.0/55 20/5.0 2345 | 2.1/4.1 1.9/3.7 1.4/3.8 1.8/4.0 1.5/45 1.5/4.4 | 2.8/3.6
1-Axis, N-S Average 2.6 33 42 53 49 43 4.2 39 34 3.3 2.8 24 3.7
Horiz Axis Min/Max | 1.8/3.9 2.3/47 3.0/54|39/73 2.6/6.7 3.0/59 | 2.853 2549 1850 20/44  14/41 1.3/3.6 | 3.2/4.1
1-Axis, N-S | Average 34 4.0 47 5.4 4.7 4.0 39 38 36 38 3.6 57 4.0
Tilt=Latitude | Min/Max | 2.4/5.1 2.8/56 3.3/6.0 | 40/75 25164 2754 | 2.7/50 2549 19/53| 2.3/5.1 1.8/5.2 1.7/4.8 | 3.4/44
9. Axis Average &7 4.1 4.7 5.4 5.0 4.4 4.2 4.0 3.6 3.9 38 34 4.2
= Min/Max | 2.6/55 29/58 3.3/6.0 | 4.0/7.6 27/68 3.0/59| 2.9/53 25/50 19153 | 2362 1.9/54 1.8/5.2 | 3.6/4.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 11.3 12.9 16.2 19.4 23.0 26.2 27.6 273 25.6 21.0 16.6 12.8 20.0
Daily Minimum Temp 4.7 6.3 9.6 12.7 16.7 20.6 222 L1 20.6 152 10.1 6.3 13.9
Daily Maximum Temp 17.9 19.4 22.8 26.2 293 31.8 33.0 32.6 30.7 26.8 23.1 193 26.1
Record Minimum Temp | -13. -7.2 -5.0 13 72 83 16.1 17.2 8.9 22 -6.1 o e
Record Maximum Temp | 29.4 11 328 35.0 378 394 40.6 38.9 378 356 31X 28.9 40.6
HDD, Base 18.3°C 234 164 94 21 0 0 0 0 0 17 83 184 797
CDD, Base 18.3°C 17 12 27 34 144 235 286 279 218 09 31 14 1417
Relative Humidity (%) 75 72 71 69 73 77 78 80 81 79 78 77 76
Wind Speed (m/s) 3.6 3.9 39 3T 34 32 3.0 2.8 3l 34 33 33 34
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 3.7 4.4 5.5 6.3 6.3 6.1 6.1 5.8 52 4.6 38 34 5.1
Min/Max | 3.0/4.1 3.7/49 4.6/6.0 | 5.7/69 55/6.8 52/67 | 5.6/64 52/62 4.6/55 | 4.0/5.1 3.3/43 3.0/3.8 | 49/53
Latitude <15 Average 4.2 49 5.8 6.5 6.3 6.0 6.0 55 54 5.0 44 4.0 54
: Min/Max | 3.4/4.8 4.0/54 49/64 | 5870 54/68 51/6.6 | 5563 5.3/62 48/58 | 43/56 3749 3.4/45|5.1/56
Tiatitide Average 4.9 35 6.1 6.4 6.0 35 5.6 37 3.3 54 5.0 4.7 5.5
4 Min/Max | 3.8/5.6 44/6.1 5.1/68 | 58/69 52/64 47/61 | 51/59 5.1/6.0 4.8/59 | 4.6/6.1 4.1/56 4.0/53 | 5.2/5.8
Latitude +15 | Average | 5.3 5.7 6.0 6.0 53 48 5.0 52 53 55 5.3 5.1 54
Min/Max | 4.0/6.1 4.5/64 5.0/6.7 | 54/6.4 4.6/57 4.2/53 | 4.6/52 47/55 4.6/57 | 4.6/63 43/6.0 42/59 | 5.1/5.6
90 Ayerage 43 42 35 25 L7 1.5 1.6 ol 2.8 3.7 4.2 43 3.0
Min/Max | 3.2/52 33/47 29/39 | 2326 17/1.8 L1516 1517 1921 24/30| 3.043 3348 3551|2832
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
| Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 5.1 6.1 7.4 8.4 8.1 75 T 73 6.6 6.0 52 4.8 6.7
Min/Max | 3.8/6.0 4.7/7.0 58/8.6 | 74/9.6 6.6/89 6.1/8.6 | 6.8/81 6478 56/72 | 50/7.1 42/6.0 4.0/56 | 62/7.0
Latitude -15 | Average 55 6.5 7 8.5 8.1 7.5 5 7.3 6.7 6.3 5.6 57 6.9
; Min/Max | 4.1/6.5 4.9/74 6.0/89 | 7.5/97 6.6/88 6.0/85 | 6.7/8.1 6479 57/74| 52/74 45/64 4.3/6.1 | 6.4/7.2
Tatifisda Average 6.0 6.9 7.9 85 7.8 il 7.2 7.2 6.8 6.6 6.1 o ) 7.0
Min/Max | 44/72 5279 62/9.1 [ 7.4/9.6 64/8.6 5.8/8.1 6.4/78 063/7.7 58/75 | 54/7.8 4.8/7.0 4.7/6.7 | 6.3/7.4
Latitude #1% Average 6.3 7.1 7.8 8.2 13 6.6 6.7 6.8 6.6 6.7 6.3 6.0 6.9
Je=s ¥ | Min/Max | 4.6/7.6 53/8.1 6.1/9.1 | 7.1/93 6.0/80 354/75| 6.0/7.2 6.0/73 5.6/1.3 | 54/79 50/7.3 4.97.1 | 6.4/73
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day). Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
3 Ak Average 6.4 7.1 7.9 8.0 8.1 7.6 7.6 7.3 6.8 6.7 6.4 6.2 e
Min/Max | 4.6/7.7 5.3/8.1 62/9.1 | 7.5/9.7 6.6/89 6.1/8.6 | 6.8/82 6579 5875 5579 50/73 50/73 | 6.7/7.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, B-W | Average 3.8 4.1 4.3 45 4.1 3.6 3.5 34 3.1 35 3.6 3.7 38
Horiz Axis Min/Max | 23/49 2.7/5.1 29/53 | 3.6/55 2847 25/45 | 2.9/40 2839 24/37 | 24/45 25145 2647 | 33/4.1
1-Axis, N-S | Average 3.6 4.4 53 6.0 53 4.5 4.5 43 39 3.9 35 3.3 44
Horiz Axis Min/Max | 2.1/4.6  2.8/5.6 3.5/6.7 | 47/15 3.6/62 3.1/57 | 3.6/5.1 3.6/5.0 3.047 | 2.8/5.1 24/44 23/43 | 3.8/4.8
1-Axis, N-S | Average 4.3 5.0 57 6.0 5.0 42 42 4.3 4.1 4.4 42 4.1 4.6
Tilt=Latitude | Min/Max | 2.6/5.6 3.2/6.3 3.8/7.2 | 47/75 35/59 2.9/53 | 34/48 3549 3.1/49 | 3.1/57 2952 2.9/5.2 | 4.0/5.1
7 Asxis Average 4.6 52 5.7 6.1 3.2 4.6 4.5 4.4 4.1 4.4 4.4 4.4 48
- Min/Max | 2.8/6.0 33/6.5 38/72 | 4.8/7.6 37/63 3.1/58 | 3.7/52 3.6/50 32/49 | 3.1/58 3.0/55 3.1/57 | 4.2/5.3
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 21.1 21.4 232 25.0 27.0 28.4 29l 29.1 28.5 26.7 242 21.9 254
Daily Minimum Temp 183 18.7 20.6 22.3 245 258 26.4 26.3 25.8 24.2 21.8 19.3 22.8
Daily Maximum Temp 23.8 24.1 259 27.6 29.5 309 31T 31.8 34 29.1 26.7 245 28.1
Record Minimum Temp 5.0 7.8 8.3 8.9 18.3 20.0 20.6 20.0 20.6 15.6 9.4 6.7 5.0
Record Maximum Temp | 30.0 294 30.6 3232 328 344 35.0 35.0 344 339 31T 30.0 35.0
HDD, Base 18.3°C 24 17 4 0 0 0 0 0 0 0 0 El 56
CDD, Base 18.3°C 109 102 155 200 269 302 334 332 305 258 177 123 2666
Relative Humidity (%) 76 74 73 70 g 74 72 73 75 75 76 76 74
Wind Speed (m/s) 57 5.4 ) 5.3 4.8 45 43 4.1 4.3 52 8.5 5.3 5.0
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average i 4.2 5.2 6.0 6.0 5.6 5.8 5.6 4.9 4.4 31 33 4.8
Min/Max | 3.1/4.0 3.6/47 4.5/5.8 | 5.1/6.7 35.1/69 4.9/63 | 47/6.7 4960 4.1/57 | 3.9/4.9 32/40 2837 | 45/5.1
Latifudaals Average 4.1 4.7 5.3 62 59 5.3 3,7 5.6 5.1 4.7 4.2 3.9 3.1
E Min/Max | 3.5/4.8 4.0/53 4.7/62 | 52/6.8 5.0/6.8 4.8/6.1 | 47/65 49/6.1 42/59 | 42/55 3.6M46 32/44|48/54
Tatitude A_verage 4.7 52 27 6.1 5.6 Xl 54 33 5.1 X1 4.7 45 52
: Min/Max | 4.0/5.6 4.3/59 4.9/65 | 5.1/6.7 4.8/64 4557 | 44/6.1 47/59 42/60 | 44/60 3953 3.7/52 | 4855
Latitude +15 | Average | 5.0 54 5.6 5.7 5.0 45 4.8 5.0 49 5.1 49 49 5.1
Min/Max | 42/6.0 44/62 4.8/64 | 4.8/6.3 43/57 4.0/5.0 | 39/54 43/54 4.1/58 | 44/6.1 4.1/56 3.9/57 | 4.7/54
90 Average 4.1 39 34 2.6 1.9 1.6 1 P | 2.7 e 39 4.1 3.0
Min/Max | 3.4/5.1 Aljas 25139 2328 1620 IS8 1620 2022 2.3/31 ] 3042 3245 32/49 | 2731
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.8 5.7 6.8 7.8 7.4 6.7 7.0 6.8 6.0 5.6 4.8 45 6.2
Min/Max | 4.0/5.8 4.5/6.7 5.6/7.8 | 6.5/9.1 6.1/89 5.6/7.7 | 53/82 58/75 47/7.1| 47/68 4.0/55 3.6/53 | 5.6/6.7
Latitideals Ayet'age 52 6.1 7.0 79 74 6.6 7.0 6.9 6.2 59 52 4.9 6.4
" - | MinfMax | 4.3/6.3 4.8/7.1 5.8/82 | 6.6/9.2 6.1/)89 55/7.6| 53/82 58/7.6 4.8/73| 49/72 43/6.0 3.9/58 | 58/6.9
Latitade Average 5.7 6.4 T2 7.8 72 6.3 6.7 6.7 6.2 6.1 5.6 54 6.5
Min/Max | 4.6/6.9 5.0/7.6 59/84 | 6592 59/8.6 53/73| 5.1/79 5774 4874 | 51/7.6 46/65 4.2/64 | 58/7.0
Latitude +15 Ayei'age 59 6.5 7.1 i 6.7 5.9 0.3 6.4 6.1 6.2 5.8 57 6.3
Min/Max | 48/7.3 50/78 59/83 | 63/88 55/8.1 49/68 | 4873 54/71 4773 | 5177 4.7/67 44/68 | 57/6.9
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
DA Average 6.0 6.6 7.2 19 7.4 6.7 Bk 6.9 6.2 6.2 59 58 6.7
Min/Max | 4.8/7.4 5.1/7.8 6.0/84 | 6.6/93 6.1/89 56/7.8 | 54/83 58/7.6 4874 | 51/77 47/68 45/69 | 6.0/7.2
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.3 34 34 3.7 32 2.7 29 2.8 25 2.8 3l 32 Al
Horiz Axis Min/Max | 2.3/46 2.1/43 2.5/44 | 26/47 22/45 1.8/3.4 | 1.2/3.8 1.8/3.3 15/35 1.9/40 2.1/3.8 2.0/44 | 2.4/3.6
1-Axis, N-S | Average 3.1 3.7 43 49 4.2 34 3.7 3.6 32 3.2 2.9 2.8 3.6
Horiz Axis Min/Max | 2.0/4.3 22/48 3.1/56 | 3.5/65 2.8/59 22/43 1.6/49 24/43 19/44 | 2.1/46 2.0/37 1.7/3.8 | 2.8/4.2
1-Axis, N-S | Average 38 43 4.6 4.9 4.0 32 35 35 33 3.6 3.5 3.6 38
Tilt=Latitude | Min/Max | 2.5/53 2.6/55 3.3/6.0 | 35/6.5 2.7/57 2.1/40 1L.5/46 23/43 19/4.6 | 2.3/52 2444 2148 3.0/44
2. Axis Average 4.1 44 4.6 5.0 43 34 33 3.6 33 30 4.7 39 4.0
a1 Min/Max | 2.7/5.6 2.6/5.7 3.3/6.0 | 3.5/6.6 2.8/6.0 22/43| 16/49 24/44 20/46| 24/52 2547 23/52 | 3.1/46
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 19.6 20.3 221 24.0 25.9 274 28.1 28.2 270 257 23.1 20.6 24.4
Daily Minimum Temp 15.1 15.8 17.9 19.9 223 239 24.6 24.8 244 22:3 19.3 16.4 20.6
Daily Maximum Temp 24.0 24.7 26.2 28.0 29.6 309 317 31.7 31.0 29.2 269 24.8 28.2
Record Minimum Temp | -1.1 0.0 0.0 7.8 11.7 15.6 20.6 20.0 20.0 10.6 39 -1.1 =1.1
Record Maximum Temp | 31.1 2 41t 333 356 35.0 36.7 36.7 36.7 36.1 35.0 31.7 30.6 36.7
HDD, Base 18.3°C 49 28 8 0 0 0 0 0 0 0 3 23 111
CDD, Base 18.3°C 87 83 123 170 236 273 303 307 282 229 147 93 4332
Relative Humidity (%) 73 71 69 67 72 76 75 76 78 75 74 £, 73
Wind Speed (m/s) 43 4,7 4.9 4.8 44 38 3.7 a1 38 4.4 4.5 4.3 42

o7



9
m Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93805

LATITUDE: 30.38° N
LONGITUDE: 84.37° W
ELEVATION: 21 meters

MEAN PRESSURE: 1016 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Primary

——— 1961-1990 Average

04—
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%

Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year |
0 Average | 2.9 N 47 5.9 6.3 6.1 5.8 55 4.9 43 33 2.7 47
Min/Max | 2.5/3.4 3.1/44 4053 | 5.1/6.7 355/69 5470 | 52/64 46/62 3.5/5.7| 3.7/50 2.6/3.8 23/3.1)|44/50
LatikidE =18 Average 3.6 4.3 a2 6.1 6.2 6.0 - 56 23 5.0 4.1 34 5.0
Min/Max | 3.1/43 3.6/53 43/59|52/7.1 53/69 53/68 | 5.0/63 4763 36/62 | 42/58 3047 2.7/4.0]|4.7/54
Latitids Average 4.0 4.7 54 6.0 5.9 ol 54 54 53 54 4.6 4.0 51
Min/Max | 3.5/5.0 3.9/59 45/62|5.1/7.0 5.0/65 49/63 | 47/59 45/6.1 3.6/63 | 44/63 32/54 3.0/47 | 4.8/55
Latitidé +15 Average 4.3 49 53 56 5.2 49 4.7 4.9 5.1 55 4.8 4.2 5.0
" S Min/Max | 3.6/5.3 4.0/6.1 43/6.1 | 4.7/65 45/58 43/55| 42/52 4.1/56 34/6.1 | 44/64 3.3/58 3.32/5.1 4.6/5.3
90 Average 3.6 37 34 2.9 2.2 19 2.0 2.4 31 4.0 4.0 3.9 34
Min/Max | 3.0/47 3.1/48 28/4.0| 2532 1924 1720| 1821 2125 2036 | 3247 2649 2745|2933
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Novy Dec Year
0 Average 39 5.0 6.2 Tl 7.9 T oL 6.8 6.2 59 45 3.7 6.0
Min/Max | 3.3/4.9 4.0/63 50/72]63/92 06490 6589 | 60/8.1 5581 4177 | 4770 3.1/54 2.9/44 | 5.6/6.6
Latitids 15 Average 4.4 5.5 6.6 7.9 79 7.4 L 6.9 6.5 6.4 5.1 4.2 6.3
§ Min/Max | 3.7/5.6 4.4/69 53/7.7 | 6.4/95 64/9.0 6588 | 60/81 56/82 42/80| 5.17.7 3462 32/5.1 |58/69
Latitaile Average 4.8 5.8 6.7 7.8 o i3 6.8 6.8 6.6 0.7 55 4.6 6.4
Min/Max | 40/6.1 4.7/7.3 53/79| 6.3/94 62/8.7 62/84 | 5778 54/80 42/81| 5380 3.6/67 3.4/56|5.9/7.0
L atitids 415 Average 5.0 59 6.6 i 7.2 6.6 6.3 0.4 6.4 6.7 57 49 6.3
" “ | Min/Max | 4.1/64 4.7/75 52/7.8| 6.1/9.1 5882 58/78 | 53/7.3 352/1.7 4179 | 53/8.1 3.7/7.0 3.5/5.9 | 5.8/6.8
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%

Fl"racker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9 Axis Average 31 5.9 6.7 7.9 8.0 7.6 2 6.9 6.6 [ w4 5.0 6.6
= Min/Max | 4.1/6.5 4.8/75 53/79|64/95 659.1 66/90]| 6.1/82 56/82 42/81 | 53/81 3770 36/6.1]|6.1/72

o Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.9 i .9 38 < 5.3 2.9 2.8 2.9 3.5 3.3 2.9 3.3
Horiz Axis Min/Max | 2.0/4.1 2.3/4.6 2.0/42 | 28/52 2445 2444 | 2.0/38 1940 1541 | 2348 1644 L1738 2.837
1-Axis, N-S | Average 25 33 4.0 5.0 4.8 4.2 3.8 < 3.6 39 3.0 24 37
Horiz Axis Min/Max | 1.7/3.5 2.3/48 25/50 ] 3.7/69 3.1/58 3.2/57 | 2.6/5.0 25/52 19/52 | 25/53 1.5/40 1.4/3.1| 3.3/43
1-Axis, N-S | Average 32 39 4.4 3 4.6 3.9 3.6 3.7 3.8 4.5 38 31 4.0
Tilt=Latitude | Min/Max | 2.2/4.6 2.8/5.8 2.8/5.6 | 3.7/7.0 29/56 29/53 | 24/47 25/51 20/55 | 3.0/6.1 1.9/5.1 16/42 | 3.5/4.7
7. Axis Average 35 4.0 4.4 52 49 4.3 3.8 3.8 3.8 4.6 4.0 34 4.1

i Min/Max | 2.3/49 2.9/59 2.8/5.6 | 3.8/7.1 3.1/59 32/57 | 2.6/50 25,53 20/55 | 3.0/62 1.9/54 2.0/45 | 3.7/49

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 10.3 11.8 153 19.1 23.1 26.4 274 274 257 204 154 11.8 19.6
Daily Minimum Temp 34 4.5 8.2 1.2 16.0 20.3 27 219 20.0 3 7.9 4.6 12.8
Daily Maximum Temp 17.2 19.1 23.1 26.9 30.2 327 329 328 314 215 228 18.8 26.3
Record Minimum Temp | -14.4 -10.0 -6.7 -1.7 1.1 7.8 13.9 15.6 44 -1.1 -10.6 -12.2 | -144
Record Maximum Temp | 27.8 204 32.2 35.0 36.7 394 394 38.9 3712 344 311 289 394
HDD, Base 18.3°C 262 191 106 33 0 0 0 0 0 .7 113 216 947
CDD, Base 18.3°C 12 7 23 54 148 243 281 281 222 91 24 13 1399
Relative Humidity (%) 75 72 y il 70 72 76 80 81 78 74 76 76 75
Wind Speed (my/s) 3.0 33 34 32 29 2.5 2.3 23 i7 29 2.8 2.9 2.8
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 12842

LATITUDE: 27.97° N
LONGITUDE: 82.53° W
ELEVATION: 3 meters

MEAN PRESSURE: 1018 millibars

2 4
STATION TYPE: Secondary
1 +
1961-1990 Average
0 4+——————t—t
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty x9%
T Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3 4.0 5.1 6.2 6.4 6.1 5.8 5.5 4.9 4.4 3.6 34 4.9
Min/Max | 2.6/3.7 3.4/45 43/56 | 5.8/68 57/7.1 51/69| 51/64 4.6/63 43/54 | 3.6/49 3.0/40 2.7/35|45/52
T atitide=15 Average 39 4.6 55 6.4 6.4 5.9 57 35 52 5.0 42 38 3.3
Y | Min/Max | 3.0/4.6 3853 4761|5971 57/7.0 5.0/6.7 | 50/63 4.7/63 45/58 | 40/5.6 3.4/48 3.1/44 | 47/55
lhriimde Average 45 §:1 5.8 6.3 6.0 54 53 5.4 §:2 5.4 4.8 4.4 5.3
Min/Max | 3.3/5.3 42/59 4.8/64 | 59/7.0 354/6.6 4.7/62 | 4759 45/62 4559 | 4.1/6.1 3.8/5.6 35/52 | 4857
T ABite s Average 4.8 53 57 39 53 4.8 4.7 4.9 5.0 s i | 4.7 3.1
Min/Max | 3.5/58 4.3/62 4.7/64 | 54/65 4858 4.1/53 | 4252 42/56 43/57 | 4.1/62 40/60 37/57 |4.655
90 Average | 4.0 4.0 35 2.8 2.0 1.7 1.8 22 29 39 4.2 4.1 3.1
Min/Max | 2.8/5.0 3.2/48 3.0/4.0 | 2.6/3.0 1921 1.6/1.8 L9 2024 2432 | 2844 3150 3150|2723
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.5 5.5 6.8 8.3 83 TS 7.1 6.8 6.2 6.0 4.9 42 6.3
Min/Max | 3.3/5.4 4.3/6.6 5.5/7.9 | 75094 7.1/94 6.0/88 | 60/8.1 56/81 52/7.2| 44/6.8 3.9/58 3.3/52 | 35.6/6.9
Tt 1% Average 5.0 5.9 7.2 8.4 8.2 7.4 el 6.9 6.5 6.4 54 48 6.6
e Min/Max | 3.5/6.0 4.6/7.1 5.8/83 | 7.7/9.6  7.1/93 59/87 | 6.0/8.0 57/82 53/75| 47/13 42/64 37/58 |58/72
Tatinde Average 54 6.3 i 8.4 8.0 Tl 6.8 6.8 6.5 0.7 59 3.2 6.7
Min/Max | 3.8/6.6 4.9/7.6 5.9/85 | 7.6/9.6 69/9.1 57/84 | 57/17 5.6/80 53/7.6| 4877 45/69 4.0/64 | 59/1.3
T ABHIAE15 Average 5.6 6.4 7.3 8.1 15 6.6 6.3 6.4 6.4 6.8 6.1 5.5 6.6
Min/Max | 3.9/7.0 4.9/7.8 5.8/85| 73/92 64/85 53/78 | 53/72 53/76 52/74| 4878 4.6/73 42/68 | 5.8/7.2
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2 ki Average | 5.7 6.4 7.4 8.5 8.3 7.6 72 6.9 6.5 6.8 6.1 5.6 6.9
= Min/Max | 3.9/7.1 50/7.8 59/85 | 7.7/97 7.2/94 6.0/89 | 6.0/8.1 5.7/82 54/76 | 4978 4.6/73 43/7.0 | 6.1/7.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 33 3.6 38 4.3 4.1 34 31 3.0 29 5 35 34 3.5
Horiz Axis Min/Max | 1.9/46 24/48 2.6/48 |35/53 3.1/50 22/46| 23/39 2040 2037 | 2.044 2346 22/45 | 2.8/4.1
l-Axis, N-S | Average 3.0 37 4.7 50T 54 4.4 4.0 39 3.6 39 3.3 2.9 4.0
Horiz Axis Min/Max | 1.6/4.1 2451 3.2/59 47771 4.1/6.7 28/59 | 3.0/50 2.7/53 2548 | 2.3/49 22/43 1.8/3.9  3.2/47
1-Axis, N-S | Average 3.8 44 31 5.8 | 4.1 3.8 38 3.8 45 4.1 3:7 4.3
Tilt=Latitude | Min/Max | 2.1/5.2 2.8/6.0 3.5/65 | 48/7.2 3.9/6.3 2.6/55 | 2847 27/52 27/50| 26/5.6 2.8/53 23/5.0 ] 3.4/5.1
L kste Average 4.0 4.5 il 29 54 4.5 4.0 3.9 38 4.5 4.3 4.0 4.5
b Min/Max | 2.2/55 29/6.2 35/65 | 4873 4.1/6.7 28/6.0| 3.0/5.1 27154 2750 | 2657 2956 2554 | 3.6/53
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 15:5 16.4 19.1 21.8 25.1 212 278 27.8 27.2 238 19.8 16.8 22,4
Daily Minimum Temp 10.0 10.9 13.6 16.0 197 i 23.6 23.6 227 18.4 14.0 153 17.2
Daily Maximum Temp 21.0 21.9 24.8 27.6 30.7 319 323 323 317 29.1 254 223 27.6
Record Minimum Temp | -6.1 -4.4 -1.7 44 9.4 17 17.2 19.4 13.9 4.4 -5.0 -7.8 -7.8
Record Maximum Temp | 30.0 3.1 32.8 339 36.7 i) 36.1 36.7 35.6 344 322 30.0 312
HDD, Base 18.3°C 130 89 47 - 0 0 0 0 0 4] 39 g5 403
CDD, Base 18.3°C 42 34 71 107 210 267 294 294 267 171 2 47 1887
Relative Humidity (%) ] 73 72 69 70 74 77 78 {7 74 75 75 74
Wind Speed (m/s) 3.9 4.1 4.2 4.1 39 3.6 33 3l 34 3.8 3.8 38 3.8
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West Palm Beach, FL

WBAN NO. 12844

Variability of Latitude Fixed-Tilt Radiation

LATITUDE: 26.68° N
LONGITUDE: 80.10° W
ELEVATION: 6 meters

MEAN PRESSURE: 1017 millibars

Monthly Radiation (kWh/m“/day)

STATION TYPE: Secondary
—— 1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?2/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May Tune July Aug Sept Oct Nov Dec | Year
0 Average 33 4.0 5.0 5:9 6.0 57 59 5.6 4.8 4.2 34 3.1 4.7
Min/Max | 24/38 3.54.6 4.1/57 | 5.1/6.8 4970 47/66| 50/66 4.8/63 3.9/56| 3.6/48 3.0/39  2.8/35 | 44/5.1
f atitnde T8 Average 3.8 45 53 6.1 B 5.6 5.8 5.6 5.4 4.6 4.0 37 5.0
Min/Max | 2.7/4.6 4.0/53 4.4/6.1 | 5.2/7.0 4.9/69 4.6/65| 49/65 49/63 40/59| 39/54 3.3/4.6 32/43 | 4.6/54
$utiiinda Average | 44 5.0 5.6 6.0 5.6 52 54 54 5.1 49 4.5 43 5.1
Min/Max | 2.9/54 4.3/6.0 45/64 | 5.1/69 4.7/65 4.3/6.0 | 4.6/6.1 4.7/6.1 40/60 | 4.1/58 3.7/52 37/5.1 | 4.6/5.6
Lafitude+15 Average 4.7 54 55 5.6 5.0 4.5 4.8 5:0 4.9 5.0 4.7 4.7 5.0
Min/Max | 3.0/59 44/62 44/64 | 4.8/64 42/58 3.8/52 | 4.1/53 43/56 3§58 4.1/6.0 38/5.6 3.9/56 | 45/54
90 Average 39 38 34 2.6 1.9 1.6 7 22 2.7 35 38 4.0 29
Min/Max | 23/50 3.2/47 2.7/39|23728 L1720 1.617]| 16138 20023 22/32 | 2.8/42 3045 3349|2632
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 45 5.5 6.6 7.8 {is 6.9 1.2 6.9 6.0 54 4.6 4.3 6.1
Min/Max | 2.9/56 45/67 5.1/78 | 6593 5809.1 52/84 | 57/84 5881 4.673 | 43/66 37,54 35051 5.4/6.7
Latituds -15 Average 49 5.8 6.9 29 h3 6.8 T2 7.0 6.2 5.8 5.0 4.7 f.3
4 > | Min/Max | 3.0/62 4872 5382|6695 5891 52/83| 57/84 5882 4775| 4670 40/60 3957 |56/69
Latifadle Average | 53 6.2 7.1 7.9 73 6.6 6.9 6.8 6.3 6.0 5.4 53 6.4
Min/Max | 3.2/6.8 5.1/7.7 5.3/84 | 6594 5688 5.0/79| 5581 57/81 47776 | 4.7/74 4.3/6.5 4.2/6.3 | 5.6/7.1
T afifide £15 Average 5.6 6.3 7.0 7.6 6.9 6.1 0.4 6.5 6.1 6.1 5.6 54 6.3
Min/Max | 3.3/7.1 52/78 5.3/84 | 6.3/9.1 53/83 4.6/74 | 51475 54/1.7 4.6/74 | 47715 44/67 44/67 | 55/69
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May JTune July Aug Sept Oct Nov Dec Year
A S Average 5.6 6.3 il 8.0 7.6 7.0 % 7.0 6.3 6.1 5.6 5:5 6.6
i Min/Max | 3.3(7.2 5.2/79 54/84 | 6695 59/92 53/85| 5885 5882 4.7/7.6| 48/15 44/6.8 4.5/6.8 | 5.8/7.3
Direct Beam Solar Radiation for Concenirating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 3l 3.3 3.3 3.8 33 3.0 32 3.0 2.7 29 3.0 3:2 3.2
Horiz Axis Min/Max | 1.3/4.6 24/46 2.1/47 | 2752 2.1/4.8 1.5/4.1 1.9/42 2.0/40 1638 | 2.040 2040 23/43 | 2.6/3.7
1-Axis, N-S | Average 29 3.6 4.3 %1 4.6 3.8 4.0 3.9 34 32 29 27 3.3
Horiz Axis Min/Max | 1.2/42 2549 26/58 | 3.6/7.0 28/6.3 1.9/5.2 | 2.5/54 2.6/52 21/47 | 2.2/45 1.9/3.8 2.0/3.7 | 3.0/44
1-Axis, N-S | Average 3.6 42 47 5.2 4.4 35 38 3.8 35 3.7 3.5 35 3.9
Tilt=Latitude | Min/Max | 1.4/52 2.9/57 2.8/63 | 3.6/70 2.6/60 1848 | 23/50 26/52 22/49| 25/5.1 2347 25/47 | 32/4.6
o Mo Average 3.8 43 4.7 a:2 4.6 38 4.1 3.9 3.5 33 37 33 4.1
i Min/Max | 1.5/5.6 3.0/59 2.8/6.3 | 3.7/7.1 2863 2053 2554 253 2230 | 25/51 25/49 2.7/5.1 | 3.3/4.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 18.4 19.0 211 23.0 253 27.0 279 28.1 27.6 254 224 19:7 237
Daily Minimum Temp 13.2 13.6 16.2 18.2 209 228 23.6 238 23.7 21.5 18.1 14.8 19.2
Daily Maximum Temp 23.6 244 26.0 27.8 29.8 312 322 322 314 294 26.7 244 28.3
Record Minimum Temp | -2.8 0.0 -1.1 6.1 11.7 16.1 18.9 18.3 18.9 78 27 2.2 -2.8
Record Maximum Temp | 31.7 32.2 344 32 35.6 36.7 383 36.7 36.1 35.0 328 3032 38.3
HDD, Base 18.3°C 68 47 15 0 0 0 0 a 0 0 8 41 179
CDD, Base 18.3°C 69 66 101 140 237 260 296 302 277 221 130 83 2162
Relative Humidity (%) 73 72 70 67 71 77 9 76 77 74 73 73 73
Wind Speed (m/s) 4.6 4.8 5.1 4.9 4.6 39 3.7 39 39 48 4.8 4.6 4.4
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